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Abstract
Background: Due to high survival rates and the relatively small benefit of adjuvant therapy, the application of
personalized medicine (PM) through risk stratification is particularly beneficial in early breast cancer (BC) to avoid
unnecessary harms from treatment. The new 21-gene assay (OncotypeDX, ODX) is a promising prognostic score
for risk stratification that can be applied in conjunction with Adjuvant!Online (AO) to guide personalized
chemotherapy decisions for early BC patients. Our goal was to evaluate risk-group specific cost effectiveness
of adjuvant chemotherapy for women with early stage BC in Austria based on AO and ODX risk stratification.
Methods: A previously validated discrete event simulation model was applied to a hypothetical cohort of 50-year-old
women over a lifetime horizon. We simulated twelve risk groups derived from the joint application of ODX and AO and
included respective additional costs. The primary outcomes of interest were life-years gained, quality-adjusted life-years
(QALYs), costs and incremental cost-effectiveness (ICER). The robustness of results and decisions derived were tested in
sensitivity analyses. A cross-country comparison of results was performed.
Results: Chemotherapy is dominated (i.e., less effective and more costly) for patients with 1) low ODX risk independent
of AO classification; and 2) low AO risk and intermediate ODX risk. For patients with an intermediate or high AO risk and
an intermediate or high ODX risk, the ICER is below 15,000 EUR/QALY (potentially cost effective depending on the
willingness-to-pay). Applying the AO risk classification alone would miss risk groups where chemotherapy is dominated
and thus should not be considered. These results are sensitive to changes in the probabilities of distant recurrence but
not to changes in the costs of chemotherapy or the ODX test.
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Conclusions: Based on our modeling study, chemotherapy is effective and cost effective for Austrian patients with an
intermediate or high AO risk and an intermediate or high ODX risk. In other words, low ODX risk suggests chemotherapy
should not be considered but low AO risk may benefit from chemotherapy if ODX risk is high. Our analysis suggests that
risk-group specific cost-effectiveness analysis, which includes companion prognostic tests are essential in PM.
Keywords: Cost-effectiveness analysis, Breast cancer, Adjuvant chemotherapy, Adjuvant!Online, OncotypeDX, Discrete
event simulation, Personalized medicine, Decision analysis, Cost-utility analysis
Background
‘Personalized medicine’ (PM) is an increasingly relevant
concept in clinical oncology. The term PM refers to an
evolving approach to clinical decision making which
seeks “to improve the stratification and timing of health
care by utilizing biological information and biomarkers
on the level of molecular disease pathways, genetics,
proteomics as well as metabolomics” [1]. Although gen-
omic information is considered to be the cornerstone of
this discipline [2], clinical and sociodemographic charac-
teristics of the patient and individual preferences can
also be utilized to personalize medicine [3]. Because
treatment strategies can be tailored in such a way that
only patients who stand to benefit receive treatment [4],
PM is particularly relevant in diseases, such as breast
cancer, where in some cases the potential adverse effects
may outweigh the benefits of treatment [5].
Breast cancer is among the most common types of
cancer and a leading cause of cancer deaths in women.
In Austria, breast cancer accounts for 30% of all tumors
and for 16% of all cancer deaths in women [6]. The inci-
dence of breast cancer in Austria in 2012 was about 76
cases per 100,000 women [6]. One of 13 females born in
2011 will develop breast cancer by the age of 75 years
[7]. Aside from a small percentage of familial breast can-
cer, the risk factors for this malignancy are rather broad
and vague: e.g., age, early menarche, late menopause,
and obesity [8]. Although many treatment options are
available [9, 10], the standard of care for early breast
cancer is surgical resection, often followed by adjuvant
radiation. Additional adjuvant systemic therapy depends
on the hormone receptor status, such as estrogen recep-
tor (ER) status, postmenopausal status, human epider-
mal growth factor receptor 2/neu (HER-2/neu) status,
stage of the disease and co-morbidities.
For women with lymph node negative, estrogen recep-
tor (ER) positive early-stage breast cancer who have rela-
tively low recurrence risk adjuvant chemotherapy
decision is complex and uncertain. While adjuvant sys-
temic therapy can be beneficial for women at higher risk
of a distant recurrence, it can cause more harm than
benefit for low risk patients. Several prognostic tests are
available to help identify women most likely to benefit
from adjuvant systemic therapy in order to help guiding
adjuvant therapy decision-making. For example,
Adjuvant!Online is a free online tool that estimate risks
and benefits of adjuvant therapy after breast cancer
surgery based on factors, such as the patient’s stage,
pathologic features, age and comorbidity level [11].
Mammaprint and OncotypeDX (ODX) are gene expres-
sion assays that “combine the measurements of gene ex-
pression levels within the tumor to produce a number
associated with the risk of distant disease recurrence.
These genetic tests aim to improve on risk stratification
schemes based on clinical and pathologic factors cur-
rently used in clinical practice” [12]. As clinical decisions
are increasingly based on the predictions of these tests,
the additional costs should be considered in decision
analyses of cancer management and treatment, similar
to other companion diagnostics in PM [13].
Several studies have been conducted to evaluate the
cost effectiveness or cost utility of different chemo-
therapy regimens. In our systematic literature search
in CRD (Center for Reviews and Dissemination) [14],
we found 24 cost-effectiveness studies that evaluate
various chemotherapeutic regimens including capecit-
abine, cyclophosphamide, docetaxel, doxorubicin, epir-
ubicin, eribulin, flourouracil, gemcitabine, ixabepilone,
methotrexate, mytomycin, paclitaxel, vinblastine, and
vinorebline. These studies were performed in the
healthcare contexts of China, Canada, Germany,
France, Italy, South Korea, Spain, UK, USA, The
Netherlands, and Thailand. In particular, none were
conducted for the Austrian healthcare context and
none of these take into account personalized treat-
ment decisions based on risk classification by AO and
the new 21 gene assay ODX.
Our study focused on patients with ER and/or proges-
terone receptor (PR) positive, HER-2/neu negative and
lymph node negative early breast cancer for whom AO
and ODX risk classification may provide additional in-
formation that impacts decision-making. An advanced
literature search conducted in PubMed [15] yielded no
further studies on the combined prognostic approach of
AO and ODX for these risk groups. Only Paulden et al.
evaluate in a secondary analysis cost effectiveness of
chemotherapy within risk groups according to AO and
ODX. However, this was in a Canadian setting which
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differs from Austria (e.g., due to provided chemotherapy
regimens and costs) [16].
The goal of the current study was to evaluate risk-
group specific cost effectiveness of adjuvant chemother-
apy for Austrian women with resected ER and/or PR
positive, HER-2/neu negative, and lymph node negative
early breast cancer. All potential risk groups according
to the joint application of AO and ODX are considered.
Additionally, we then compare these results to those
from the Canadian study by Paulden et al. [16].
Methods
Modeling Framework
To analyze adjuvant test-treatment strategies for early
breast cancer, we applied a decision-analytic computer
simulation model [17] previously developed within our re-
search center ONCOTYROL – Center for Personalized
Cancer Medicine [18] (hereafter the “Oncotyrol breast can-
cer model”). The model validation and first application
were recently published elsewhere [19, 20]. In this new
model application, a hypothetical cohort of 50-year-old
women diagnosed with ER and/or PR positive, HER-2/neu
negative, lymph node negative breast cancer was simulated.
We adopted a health care system perspective and lifetime
horizon for this analysis. Outcomes of interests included
survival (number of life years; LY), quality of life (number
of quality-adjusted-life years; QALY), total costs (EUR) and
incremental cost-effectiveness ratios (EUR/QALY). Costs
and effects were discounted by 5% per year [21]. According
to the ISPOR-SMDM guidelines [22], the model was im-
plemented using a discrete event simulation approach
(ARENAVersion 13.90.00000, Rockwell Automation). This
approach allows for individual patient pathways to be
determined by multiple characteristics and test results, in-
dividual patient pathways to be recorded and time depend-
encies to be accounted for.
For reporting our modeling study, we followed the
Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) Statement [23].
Model structures
The Oncotyrol breast cancer model is divided into dif-
ferent modules that describe the test-treatment strat-
egies and the respective pathways of patients, their
health states and key health events (Fig. 1).
In the beginning of the simulation (Module 1), patients
enter the model, patient characteristics are assigned
(age, time of death from other causes) and their AO risk
score (individualized breast cancer specific mortality
[BCSM]) and ODX risk classification (recurrence risk
score [RS]) are calculated (BCSM: L ‘low’ BCSM < 9%, I
‘intermediate’ 9% ≤ BCSM < 17% or H ‘high’ BCSM ≥ 17%
[24]; RS: L ‘low’ RS < 18, I ‘intermediate’ 18 ≤ RS < 30,
H ‘high’ RS ≥ 30, N ‘RS not applied’). The costs and ben-
efits of chemotherapy are quantified for each of the
twelve combinations of risk classifications (where the
first letter represents AO and second letter represents
ODX: L-L, L-I, L-H, L-N, I-L, I-I, I-H, I-N, H-L, H-I, H-
H, H-N). Two hypothetical cohorts were simulated in
which all patients within these risk groups are assumed
to receive or to not receive chemotherapy. Patients that
pursue chemotherapy continue to Module 2 where
chemotherapy and its associated adverse events (neutro-
penia, fever, infections, pain, nausea and gastrointestinal
complications) are modeled. After chemotherapy, these
patients are considered recurrence-free and are treated
Fig. 1 Schematic model structure. (Abbreviations: ADE-adverse drug event, LY-life years gained, QALY-quality adjusted-life years, AO-Adjuvant!Online, ODX-
OncotypeDX), L-Low, Int./I-intermediate, H-High, combinations of risk classification (first letter representing Adjuvant!Online, second letter representing
OncotypeDX: L-L, L-I, L-H, L-N, I-L, I-I, I-H, I-N, H-L, H-I, H-H, H-N). Source: adapted from Jahn et al. Lessons learned from a cross-model validation between a
discrete event simulation model and a cohort state-transition model for personalized breast cancer treatment. Med Decis Making. 2016;36(3):375–390.
Copyright © 2016 by Society for Medical Decision Making. Reprinted by permission of SAGE Publications, Inc.
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with aromatase inhibitors or tamoxifen for five subse-
quent years (Module 3). In addition, patients who do not
receive chemotherapy enter Module 3 directly. Patients
who face disease recurrence continue to Module 4
where further diagnostics and treatments are considered.
We assume that patients with a distant recurrence re-
main in this health state and in Module 4 until they die
from breast cancer. Throughout the entire simulated
pathway, LYs, QALYs and costs are accumulated, and
analyzed in the statistical module. In addition, all pa-
tients may die due to other causes at any time point and
consequently leave the model.
Model parameters
A detailed description of model parameters is provided
elsewhere [19] and an overview of model parameters and
sources are shown in Additional file 1: Table S1.
With respect to chemotherapeutic agents, we assumed
all patients receive three cycles of FEC (5-fluorouracil,
epirubicin, cyclophosphamide) followed by three cycles
of DOC (docetaxel) [9]. After completion of adjuvant
chemotherapy, all patients also received an aromatase
inhibitor (anastozole, letrozole or exemestane) for five
years. In cases in which no chemotherapy was provided,
an aromatase inhibitor was started immediately.
Risk-group specific time to recurrence estimates
were derived from Paulden et al. [16]. Treatment as-
sumptions about distant recurrence were based on
chart reviews by a senior gynecologist at Innsbruck
Medical Hospital. The probability of death due to
breast cancer in patients with distant recurrence was
assumed to be identical in all patients regardless of
the ER/PR status or the patient’s personal cancer
history (median survival 25.8 months from time of
diagnosis of recurrence [25]). Fatal toxicity of chemo-
therapy includes those patients who develop chemo-
therapy related acute myeloid leukemia (AML). All-
cause mortality was applied throughout the entire
simulated time horizon. Data were extrapolated using
national life tables from Statistics Austria [26].
As ODX is currently not reimbursed in Austria, we relied
on the manufacturer’s suggested retail price [27]. AO is
available to medical experts free of charge [11]. We in-
cluded direct costs for chemotherapy and related side ef-
fects (costs of chemotherapeutic agents, other supportive
medications, such as pegfilgrastim and tropisetron,
hospitalization, laboratory studies, and human resources),
as well as costs of cancer follow-up, diagnosis and treat-
ment of recurrent cancer [10, 25, 28] [Walter E: IPF, Vienna
2012, Report, unpublished]. Drug costs were based on
pharmacy hospital prices. Utility weights were based on a
recent cross-sectional observational study using the Euro-
Qol five dimension questionnaire (EQ-5D) [29].
Model validation
Model validation is a key modeling step for judging a
model’s accuracy in making accurate predictions. Follow-
ing the current ISPOR-SMDM best practice recommen-
dations, the model was validated using face validation,
internal validation and cross-model validation [30]. Fur-
ther details are provided in Jahn et al. [20].
Analysis
In the base-case analysis, we estimated discounted effects
(LYs, QALYs) and costs of adjuvant chemotherapy in 12
different patient risk groups classified according to their
AO (first letter) and ODX (second letter) risk classification
(L-L, L-I, L-H, L-N, I-L, I-I, I-H, I-N, H-L, H-I, H-H, H-
N). 100,000 patients were needed in the simulation in
order to achieve stable results [20].
For each risk group, the simulation was run twice, the
first assuming chemotherapy received by the patient and
the second run assuming no chemotherapy received.
The ICER was calculated by calculating the difference in
discounted costs divided by the difference in discounted
QALYs for these two alternatives. If one strategy is less
effective but more expensive, then it is considered domi-
nated and should not be considered. If chemotherapy is
more effective but also more expensive, as compared to
no chemotherapy, the ICER expresses the additional
costs for one QALY gained. Chemotherapy is considered
cost effective if the ratio is less than the willingness-to-
pay (WTP) threshold.
As there is currently no explicit willingness-to-pay
threshold for health technologies in Austria, we assumed
a WTP of 50,000 EUR (alternatively 100,000 EUR) to
test the robustness of our results and respective deci-
sions in sensitivity analyses.
Parameter uncertainty was estimated using extensive
deterministic one way sensitivity analyses on several pa-
rameters including age (40; 50; 70), discount rate (0;
2.5%; 5%), the cost of chemotherapy (+/− 10%), the cost
of an ODX test set (+/− 10%), utilities (95% confidence
intervals (CI) assuming a beta distribution), and the
probability of distant recurrence (95% CI, assuming a
beta distribution).
In a cross-country comparison, results were compared
to the results of the Canadian modeling study by Paul-
den et al. [16] who applied a similar model structure. In
contrast to our model, the Canadian model was designed
as a probabilistic state-transition Markov [31] model for
that particular health care setting which differ from
Austria. For example, different chemotherapy regimens
were considered (low risk patients: CMF (Cyclophospha-
mide, Methotrexate, 5-fluorouracil), intermediate risk
patients: TC (Docetaxel, Cyclophosphamide), high risk
patients: FEC-D 5-fluorouracil, Epirubicin, Cyclophos-
phamide, Docetaxel)). A list of parameter values for this
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model is provided in the Additional file 1. The modeling
framework and the model structure are described else-
where in greater detail [16].
Results
Base case
The results of the base-case analysis for the Austrian and the
Canadian settings are displayed in Table 1. For each risk
group, two lines depict the estimated, discounted LYs, QALYs
and costs when chemotherapy is provided and when it is not.
The ICER summarizes the results of chemotherapy or none.
The results for the Austrian setting indicate that chemo-
therapy is dominated in the risk groups L-L (low AO, low
ODX), L-I (low AO, intermediate ODX), I-L (intermediate
AO, low ODX) and H-L (high AO, low ODX). Patients in
these risk groups do not on average benefit from
chemotherapy with respect to the clinical outcomes (LYs,
QALYs). These results are consistent with the results for the
Canadian setting with the exception of the L-I risk group
(low AO and intermediate ODX).
In high risk ODX patients, chemotherapy seems to clearly
be cost effective because an additional QALY can be gained
at a low additional cost (ICER less than 3500 EUR/QALY).
Chemotherapy is also cost effective in patients with an inter-
mediate ODX risk and an intermediate or high AO risk
chemotherapy with a WTP threshold of 15,000 EUR/QALY.
These results are also consistent with the results from the
Canadian setting. For patients in our model that are tested
only with AO, chemotherapy is mainly cost effective with
the exception of those who are AO low risk (L-N). These re-
sults differ slightly to the Canadian setting where chemo-
therapy for L-N patients is cost effective.
Table 1 Discounted life-years, QALYs and incremental cost-effectiveness ratios of chemotherapy in the Austrian setting versus Canadian
setting
Austrian setting Canadian setting








Low Low No 15.51 12.04 11,021 D 15.36 11.93 10,088 D
Yes 15.16 11.65 23,383 15.14 11.69 11,817
Low Int. No 14.96 11.61 12,063 D 14.85 11.52 11,279 61,861
Yes 15.05 11.57 23,608 15.04 11.61 16,562
Low High No 12.06 9.31 17,520 3361 12.07 9.32 17,368 3118
Yes 14.73 11.31 24,240 14.73 11.37 23,743
Low N/A No 14.80 11.48 9230 566,277 14.69 11.40 8347 3768
Yes 14.97 11.50 20,554 14.96 11.55 8925
Int. Low No 15.21 11.80 11,557 D 15.10 11.72 10,708 D
Yes 15.02 11.54 23,641 15.01 11.59 12,105
Int. Int. No 13.71 10.62 14,421 13,504 13.69 10.60 13,872 4094
Yes 14.77 11.34 24,163 14.78 11.40 17,150
Int. High No 9.45 7.25 21,733 698 9.51 7.30 22,401 416
Yes 14.61 11.21 24,500 14.60 11.26 24,049
Int. N/A No 12.63 9.77 13,372 4790 12.63 9.76 12,927 548
Yes 14.78 11.35 20,960 14.79 11.41 13,833
High Low No 15.21 11.81 11,561 D 15.09 11.71 10,721 D
Yes 15.03 11.55 23,666 15.01 11.59 12,116
High Int. No 13.76 10.66 14,471 14,496 13.66 10.58 13,969 3940
Yes 14.75 11.33 24,143 14.77 11.40 17,186
High High No 9.43 7.23 21,815 676 9.48 7.27 22,474 400
Yes 14.60 11.21 24,502 14.59 11.26 24,068
High N/A No 12.09 9.34 14,257 3097 12.08 9.33 14,078 2816
Yes 14.88 11.43 20,729 14.87 11.48 20,121
Abbreviations: AO Adjuvant!Online, ODX OncotypeDX, Int. Intermediate, LYs life years, QALYs quality-adjusted life-years, ICER incremental cost-effectiveness ratio,
N/A ODX test not applied
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Sensitivity analyses
Results of the sensitivity analyses are displayed in Table 2
(assuming WTP 50,000 EUR/QALY) and in the additional
files (Additional file 2: Table S2A, Additional file 3: Table
S2B, Additional file 4: Table S2C and Additional file 5:
Table S2D assuming WTP 100,000 EUR/QALY). We ran
the analysis for the four main risk groups (ODX low,
ODX intermediate, ODX high, ODX not provided). In
each block, we considered the respective AO risk in three
columns. The first row in the table provides the results of
the cost effectiveness of chemotherapy for each risk group
in the base case. For example, for patients that have a low
risk according to ODX and a low risk according to AO (L-
L), chemotherapy was dominated (D) in the base case. In
the following section, we display the results of the lower
and upper bound when the parameters are varied. For ex-
ample, we first consider a patient cohort age 40 (lower
bound) and a patient cohort age 70 (upper bound). For
the above risk group L-L, we observe that chemotherapy
is still dominated, even if we vary the parameter age
within the range of 40–70 years. We marked parameters
depending on their impact on cost-effectiveness results
and the following decisions: a) if the parameters that were
changed led to the same decision based on the cost-
effectiveness result, we use a white background, b) if those
parameters that were varied led to a different decision
based on the cost-effectiveness results, cells were colored
with a dark grey. These were done assuming a WTP
threshold of 50,000 EUR/QALY (Table 2) or 100,000
EUR/QALY (Additional file 2: Table S2A, Additional file
3: Table S2B, Additional file 4: Table S2C and Additional
file 5: Table S2D).
In summary, in one-way sensitivity analyses results
were robust to changes in utilities, costs of chemother-
apy and the genetic test ODX, a discount rate of 2.5%
and patients at 40 years of age. For older age groups, the
decision would be similar assuming a WTP of 65,000
EUR/QALY. The results, however, were sensitive to the
probabilities of distant recurrence (with and without
chemotherapy) especially within the risk groups L-I, I-L,
I-I, H-L, H-I, L-N.
In the risk groups L-I, I-L and H-L, chemotherapy was
dominated in the base case but was cost effective when
the probabilities of distant recurrence were varied. In
the risk groups I-I and H-I, chemotherapy was domi-
nated when the probability of distant recurrence was
varied. L-N became cost effective when the lower range
of the probability of distant recurrence following chemo-
therapy was used.
Discussion
In our cost-effectiveness analysis of adjuvant chemother-
apy for early stage breast cancer patients, we evaluated
upfront testing within the cancer management process
Table 2 Sensitivity analyses of cost effectiveness of chemotherapy
Abbreviations: AO Adjuvant!Online, D dominated, dist. rec. distant recurrence,
N/A not applied, bold numbers represent base case values
a/bbase case ±2% for each risk group with/without chemotherapy, respectively
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similar to the evaluation of companion diagnostics. Our
analysis shows that in the Austrian setting chemotherapy
is effective and potentially cost effective for patients with
an intermediate or high risk of disease according to
ODX, independent from the AO risk classification (with
the only exception of risk group L-I). In other words,
low ODX risk suggests chemotherapy should not be
considered but low AO risk may benefit from chemo-
therapy only if ODX risk is high.
Our results demonstrate that if the ODX test was not
applied, chemotherapy would be considered cost effect-
ive for AO intermediate and high risk patients. However,
based on the additional results of the ODX test, chemo-
therapy is dominated (less effective and more costly) for
ODX low risk patients within these AO risk groups.
Therefore, in the decision process we would not favor
chemotherapy and consequently, reduce harms and costs.
For low risk patients per the AO test, chemotherapy
would very likely not be cost effective. However, after
taking into account the additional information provided
by the ODX test as well as the additional costs of this test,
chemotherapy became cost effective for AO low and ODX
high risk patients. In particular, these patients would
greatly benefit from chemotherapy, both clinically and
economically. In summary, our results demonstrate the
importance of considering personalized information and
additional costs in the evaluation of chemotherapy.
Sensitivity analyses demonstrate that the results are
relatively robust with respect to the decisions about al-
most all model parameters except for the probability of
distant recurrence within the risk groups L-I, I-L, I-I, H-
L, H-I, L-N. For high risk patients per ODX and those
classified only based on AO, the results are robust.
The advantage of our modeling approach is that, in
addition to providing risk group-specific cost effectiveness
of chemotherapy, we are also able to evaluate the effective-
ness and cost effectiveness of the risk classification tools as
previously shown [19]. Within this analysis, we considered
that decisions regarding chemotherapy are based on the
risk classification and additional factors. Therefore, only a
percentage of patients would finally agree or not agree on
chemotherapy in the respective risk groups. Our modular
modeling structure approach allows one to adapt the model
to evaluate additional test information or other innovative
personalized test-treatment decisions.
Our results are consistent with the analysis of Paulden
et al. [16] that showed a similar cost effectiveness of
chemotherapy in the Canadian setting when using com-
parable risk classifications. In our systematic literature
review, we identified no cost-effectiveness study for
Austria nor any study that applied Adjuvant!Online or
OncotypeDX. We identified four studies that sought to
evaluate the same adjuvant chemotherapy regimen (FEC
and TC). However, only one of these studies compared
chemotherapy versus no chemotherapy. Campbell et al.
[32] compared four strategies including one strategy
without chemotherapy and three with different chemo-
therapy regimens. They found that “with an average to
high risk of recurrence […], FEC-D appeared most cost
effective assuming a threshold of £20,000 per QALY
for the National Health Service (NHS). For younger
low risk women, E-CMF (epirubicin, cyclophosphamide,
methotrexate, fluorouracil) /FEC tended to be the optimal
strategy and, for some older low risk women, the
model suggested a policy of no chemotherapy was
cost effective” [32]. These results were consistent with
our results that also suggest that adjuvant chemo-
therapy is not cost effective in low-risk groups but is in
high risk groups.
In Austria, there is currently no explicit threshold for
health technologies to be considered cost effective. In
other countries, thresholds vary and they are rarely disease
or cancer specific. For example, in Canada, an oncology-
specific ceiling threshold value of C$75,000 (equivalent to
EUR 51,528) has been suggested and NICE (National In-
stitute for Health and Care Excellence) provides a general
threshold in 2012 of £18,317/QALY (EUR 23,180) that
can be revised based on other factors [33].
Our study has several limitations. Although modeling
studies allow information to be combined from different
sources, we included as much Austrian data and local in-
formation on cancer management as possible. However,
due to a lack of information about utility parameters and
estimates for the risk of distant recurrence, we applied re-
sults from international studies. The underlying causes of
hospitalizations were adapted for the Austrian context
based on information of local clinical experts.
For some of the risk groups of interest, the decision
regarding the provision of adjuvant chemotherapy may
be predefined. However, we analyzed all potential groups
for completeness. In addition to AO and ODX, there are
other risk classification scores and genetic tests that may
be used for this purpose. Since AO is continuously up-
dated and free of charge, it was considered as first
choice. Although not currently covered, ODX is a gen-
etic test that has shown convincing analytical and clin-
ical validity and therefore is likely to be implemented in
clinical practice in Austria in the near future.
The ability to compare these results with the Canadian
study results is limited due to the different health care
settings (e.g., type of chemotherapy recommended, fol-
low up treatment, cost structure), however, the results
fall in a reassuringly similar direction.
In the future, our analysis could be applied in cost-
effectiveness analyses based on risk classifications that
are obtained from combinations of various multi-
parameter molecular marker assays. At the fourteenth
St. Gallen International Breast Cancer Conference, one
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expert panel discussed the role of multi-parameter mo-
lecular marker assays for prognosis and their value in
selecting patients who require chemotherapy. “Oncotype
DX®, MammaPrint®, PAM-50 ROR® score, EndoPredict®
and the Breast Cancer Index® were all considered use-
fully prognostic for years 1-5” [34]. Beyond 5 years, re-
ports suggest that these tests are prognostic [34]. The
Panel agreed the PAM50 ROR® score to be clearly prog-
nostic beyond 5 years. However, a clear majority rejected
the prognostic value of MammaPrint®. For Oncotype
DX®, the majority of the panel agreed with the potential
value in predicting the usefulness of chemotherapy. Im-
proved evidence supporting our modeling study will be
provided by the TAILORx trail. After the full TAILORx
trial results on ODX become available, we will rerun the
analysis using updated input parameters including the
probabilities of distant recurrence. Although there are
promising alternative tests that allow personalized treat-
ment decisions, multi-parameter molecular assays are
expensive and may not be widely available [34].
Nevertheless, for reimbursement decisions, there have
been strong efforts to enhance patient access to PM in
Europe [35]. Decision-analytic modeling demonstrating
cost effectiveness of combined test-treatment decisions
may, therefore, provide particularly important information
to decision makers and, potentially, improve accessibility
to PM. For example, the ISPOR Personalized Medicine
Special Interest Group notes that outcomes research and
economic modeling can inform the assessment of PM at
an early stage and supports prioritization of further re-
search by early-stage decision modeling of potential cost-
effectiveness and value of information (VOI) analyses [36].
Payne et al. derived recommendations to improve market
access for companion diagnostics. Economic modeling is
prescribed as a possible approach “to describe and quan-
tify gaps in the evidence base and the added value of fu-
ture research to reduce current uncertainties to support
the introduction of companion diagnostics” [37].
The role of patient involvement has changed in recent
years such that patients are increasingly included in the clin-
ical decision making process. Therefore, personalized treat-
ment has to account more actively for patient preferences
and their individual state of health [4]. For decision-analytic
modeling, as demonstrated in this study, future models
should allow for patient-specific utility values. Further re-
search in the field of companion diagnostics has identified
an additional contribution of complementary diagnostics
that goes beyond the usual health gains and cost savings. It
highlights for example the value to the patient of having
greater certainty of treatment benefit [38]. The upcoming
publication of the EPEMED OHE study 2015 (European
Personalized Medicine Association, Office of Health
Economics) will provide insights on “how to articulate a
value based evaluation per its economic, medical and full
social appreciation and how a broader conception of value
can be the path toward improving the HTA process” [39].
Conclusion
Our decision analysis shows that in the Austrian setting,
chemotherapy is usually effective and potentially cost ef-
fective for patients classified as intermediate or high risk
according to ODX, independent from their AO risk clas-
sification. Without information from the genetic test
ODX, chemotherapy would be assumed to be cost ef-
fective in intermediate and high risk patients per AO.
However, there are specific risk groups (I-L, H-L) only
identified by the genetic test that, on average, do not
benefit from chemotherapy. Our analysis suggests that
risk-group specific cost-effectiveness analyses that in-
clude the costs of companion diagnostics, including
prognostic tests, are important in PM.
Additional files
Additional file 1: Table S1. Model parameter overview. In the text of
the manuscript, “Table S1” is referring to Table 1: “Model parameter
overview”. Table 1 provides the set of input parameters that are used in
the model. (DOCX 368 kb)
Additional file 2: Table S2A. Sensitivity Analysis of cost effectiveness of
chemotherapy in subgroups with a low risk according to OncotypeDX.
“Table S2A” is referring to Table 2a: “Sensitivity Analysis of cost
effectiveness of chemotherapy in subgroups with a low risk according to
OncotypeDX”. (DOCX 18 kb)
Additional file 3: Table S2B. Sensitivity Analysis of cost effectiveness of
chemotherapy in subgroups with an intermediate risk according to
OncotypeDX. “Table S2B” is referring to Table 2b: Sensitivity Analysis of
cost effectiveness of chemotherapy in subgroups with an intermediate
risk according to OncotypeDX. (DOCX 18 kb)
Additional file 4: Table S2C. Sensitivity Analysis of cost effectiveness of
chemotherapy in subgroups with a high risk according to OncotypeDX.
“Table S2C” is referring to Table 2c: Sensitivity Analysis of cost effectiveness
of chemotherapy in subgroups with a high risk according to OncotypeDX.
(DOCX 18 kb)
Additional file 5: Table S2D. Sensitivity Analysis of cost effectiveness
of chemotherapy in subgroups where OncotypeDX is not applied. “Table
S2D” is referring to Table 2d: Sensitivity Analysis of cost effectiveness of
chemotherapy in subgroups where OncotypeDX is not applied. Table 2a,
b, c and d show detailed results of the sensitivity analyses on the
parameters age, discount rate, costs, probabilities and utilities.
(DOCX 18 kb)
Abbreviations
ADE: Adverse drug event; AML: Acute myeloid leukemia;
AO: Adjuvant!Online; BC: Breast cancer; BCSM: Individualized breast cancer
specific mortality; CHEERS: Consolidated Health Economic Evaluation
Reporting Standards; CI: Confidence interval; CMF: Cyclophosphamide,
methotrexate, 5-fluorouracil; CRD: Center for Reviews and Dissemination;
D: Dominated; dist. rec.: Distant recurrence; DOC: Docetaxel; E-
CMF: Epirubicin, cyclophosphamide, methotrexate and fluorouracil; EPEMED
OHE: European Personalized Medicine Association, Office of Health
Economics; EQ-5D: EuroQol five dimension questionnaire; ER: Estrogen
receptor; EUR: Euro; FEC: 5-fluorouracil, epirubicin, cyclophosphamide; FEC-
D: 5-fluorouracil, epirubicin, cyclophosphamide, docetaxel; FFG: Austrian
Research Promotion Agency; H: High; HER-2/neu: Human epidermal growth
factor receptor 2/neu; HTA: Health Technology Assessment; I,
Int.: Intermediate; ICER: Incremental cost-effectiveness ratio;
ISPOR: International Society for Pharmacoeconomics and Outcomes
Jahn et al. BMC Cancer  (2017) 17:685 Page 8 of 10
Research; L: Low; LY: Life years; N: Recurrence risk score not applied; N/A: Not
applied; NHS: National Health Service; NICE: National Institute for Health and
Care Excellence; ODX: OncotypeDX; PM: Personalized medicine;
PR: Progesterone receptor; QALYs: Quality-adjusted life-years; RS: Recurrence
risk score; SMDM: Society for Medical Decision Making; TC: Docetaxel,
cyclophosphamide; VOI: Value of information; WTP: Willingness-to-pay
Acknowledgements
We would like to thank Jen Manne-Goehler, MD, DSc, Clinical Fellow in Medi-
cine, Harvard Medical School, for reviewing and editing the manuscript for
English language.
Funding
Funding for this study was provided in part by the COMET Center
ONCOTYROL, which is funded by the Austrian Federal Ministries BMVIT/
BMWFJ (via FFG) and the Tiroler Zukunftsstiftung/ Standortagentur Tirol
(SAT). The funding agreement ensured the authors’ independence in
designing the study, interpreting the data, writing, and publishing the report.
The following author is employed by the sponsor: U. Siebert. In addition, this
work has been financially supported through Erasmus Mundus Western
Balkans (ERAWEB), a project funded by the European Commission. The
funding source had no influence on study design, analysis and interpretation
of data, in the writing of the manuscript and the decision to submit the
manuscript for publication.
Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study.
Authors’ contributions
All involved authors (BJ, UR, CK, MH, RM, GS, MP, MB, DS, DB, MK, US) stated
that they have read the manuscript, have given final approval of the version
to be published and have participated in the study to a sufficient extent to
be named as authors. BJ, UR, CK, MH, MP, DB, MK, US: contributed to the
conception and design of the study, acquisition of data, analysis of data. BJ,
UR, CK, GS, MH, MK, US: contributed to the model development. BJ, UR, CK,
MH, RM, GS, MP, MB, DS, DB, MK, US: contributed to the interpretation of the
data, drafting and revising the article critically for important intellectual
content, final approval of the version to be submitted.
Ethics approval and consent to participate
This study does not contain any studies with human participants performed
by any of the authors. For this type of study formal consent is not required.
For reporting our modeling study, we followed the Consolidated Health




The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Institute of Public Health, Medical Decision Making and Health Technology
Assessment, Department of Public Health, Health Services Research and
Health Technology Assessment, UMIT - University for Health Sciences,
Medical Informatics and Technology, Eduard-Wallnöfer-Zentrum 1, A-6060
Hall i.T, Austria. 2Division of Public Health Decision Modelling, Health
Technology Assessment and Health Economics, ONCOTYROL - Center for
Personalized Cancer Medicine, Karl-Kapferer-Straße 5, A-6020 Innsbruck,
Austria. 3Institut für Theoretische Physik, Universität Innsbruck,
Technikerstraße 21A, A-6020 Innsbruck, Austria. 4Department of Obstetrics
and Gynecology, Medical University of Innsbruck, Christoph-Probst-Platz,
Innrain 52, A-6020 Innsbruck, Austria. 5Beth Israel Deaconess Medical Center,
Harvard Medical School, 330 Brookline Ave, Boston 02215, MA, USA. 6Toronto
Health Economics and Technology Assessment (THETA) Collaborative,
University of Toronto, Toronto General Hospital, 10EN, Room 249, 200
Elizabeth Street, Toronto M5G 2C4, ON, Canada. 7Department of Emergency
Medicine, University of Alberta, 116 St. and 85 Ave., Edmonton, AB T6G 2R3,
Canada. 8Department of Pharmacotherapy, University of Utah, 30 South 2000
East Room 4781, Salt Lake City, UT 84108, USA. 9Huntsman Cancer Institute,
University of Utah Hospitals & Clinics, 2000 Cir of Hope Dr, Salt Lake City
84112, UT, USA. 10Program in Personalized Health, University of Utah, 15
North 2030 East, Room 2160, Salt Lake City 84112, UT, USA. 11Center for
Health Decision Science, Department of Health Policy and Management,
Harvard T.H Chan School of Public Health, 718 Huntington Ave. 2nd Floor,
Boston 02115, MA, USA. 12Institute for Technology Assessment and
Department of Radiology, Massachusetts General Hospital, Harvard Medical
School, 101 Merrimac St., 10th FL, Boston, MA 02114, USA.
Received: 26 August 2016 Accepted: 23 August 2017
References
1. Schleidgen S, Klingler C, Bertram T, Rogowski WH, Marckmann G. What is
personalized medicine: sharpening a vague term based on a systematic
literature review. BMC Med Ethics. 2013;14:55.
2. Priorities for Personalized Medicine. http://oncotherapy.us/pdf/PM.Priorities.
pdf. Accessed 12 Sept 2017.
3. Siebert U, Jahn B, Rochau U, Schnell-Inderst P, Kisser A, Hunger T, Sroczynski
G, Muhlberger N, Willenbacher W, Schnaiter S, et al. Oncotyrol - Center for
Personalized Cancer Medicine: Methods and Applications of Health
Technology Assessment and Outcomes Research. Zeitschrift fur Evidenz,
Fortbildung und Qualitat im Gesundheitswesen. 2015;109(4–5):330–40.
4. Rogowski W, Payne K, Schnell-Inderst P, Manca A, Rochau U, Jahn B, Alagoz O,
Leidl R, Siebert U. Concepts of ‘personalization’ in personalized medicine:
implications for economic evaluation. PharmacoEconomics. 2015;33(1):49–59.
5. Siebert U, Rochau U. Personalisierte Krebstherapie. PharmacoEconomics.
2013;10(2):87–104.
6. Statistiken - Krebserkrankungen: Brust. http://www.statistik.at/web_de/statistiken/
gesundheit/krebserkrankungen/brust/index.html. Accessed 12 Sept 2017.
7. Krebsinzidenz und Krebsmortalität in Österreich. http://www.statistik.at/
web_de/services/publikationen/4/index.html?includePage=
detailedView§ionName=Gesundheit&pubId=679. Accessed 12 Sept 2017.
8. Breast Cancer. https://www.cancer.org/cancer/breast-cancer/risk-and-
prevention.html. Accessed 12 Sept 2017.
9. Mammakarzinom - Empfehlungen zu Diagnostik, Therapie und
Nachsorgeuntersuchungen in Tirol. brustzentrum-tirol.tirol-kliniken.at/
data.cfm?vpath=teaser/tako_mamma_1_0pdf. Accessed 12 Sept 2017.
10. Interdisziplinäre S3-Leitlinie für die Diagnostik, Therapie und Nachsorge des
Mammakarzinoms. http://www.awmf.org/uploads/tx_szleitlinien/032-045OL_
l_S3__Brustkrebs_Mammakarzinom_Diagnostik_Therapie_Nachsorge_2012-
07-abgelaufen.pdf. Accessed 12 Sept 2017.
11. Decision making tools for health care professionals. https://www.
adjuvantonline.com/. Accessed 12 Sept 2017.
12. Impact of Gene Expression Profiling Tests on Breast Cancer Outcomes.
http://www.ahrq.gov/downloads/pub/evidence/pdf/brcancergene/
brcangene.pdf. Accessed 12 Sept 2017.
13. Myers MB. Targeted therapies with companion diagnostics in the
management of breast cancer: current perspectives. Pharmgenomics Pers
Med. 2016;9:7–16.
14. http://www.york.ac.uk/inst/crd/. Accessed 12 Sept 2017.
15. http://www.ncbi.nlm.nih.gov/. Accessed 12 Sept 2017.
16. Paulden M, Franek J, Pham B, Bedard PL, Trudeau M, Krahn M. Cost-
effectiveness of the 21-gene assay for guiding adjuvant chemotherapy
decisions in early breast cancer. Value Health. 2013;16:729–39.
17. Siebert U. When should decision-analytic modeling be used in the
economic evaluation of health care? Eur J Health Econ. 2003;4(3):143–50.
18. http://www.oncotyrol.at/. Accessed 12 Sept 2017.
19. Jahn B, Rochau U, Kurzthaler C, Hubalek M, Miksad R, Sroczynski G, Paulden
M, Kluibenschadl M, Krahn M, Siebert U. Cost effectiveness of personalized
treatment in women with early breast cancer: the application of
OncotypeDX and adjuvant! Online to guide adjuvant chemotherapy in
Austria. SpringerPlus. 2015;4:752.
20. Jahn B, Rochau U, Kurzthaler C, Paulden M, Kluibenschadl M, Arvandi M,
Kuhne F, Goehler A, Krahn MD, Siebert U. Lessons learned from a cross-
model validation between a discrete event simulation model and a cohort
Jahn et al. BMC Cancer  (2017) 17:685 Page 9 of 10
state-transition model for personalized breast cancer treatment. Med Decis
Mak. 2016;36(3):375–90.
21. Walter E, Zehetmayr S. Guidelines zur gesundheitsökonomischen evaluation.
Konsenspapier. Wien Med Wochenschr. 2006;156(23):628–32.
22. Karnon J, Stahl J, Brennan A, Caro JJ, Mar J, Moller J. Modeling using
discrete event simulation: a report of the ISPOR-SMDM modeling good
research practices task force-4. Value Health. 2012;15(6):821–7.
23. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D,
Augustovski F, Briggs AH, Mauskopf J, Loder E. Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) statement. BMJ (Clinical
research ed). 2013;346:f1049.
24. Bryant J: Toward a more rational selection of tailored adjuvant therapy. Data
from the National Surgical Adjuvant Breast and Bowel Project. Presented at
the primary therapy of early breast cancer. In: 9th international conference
January 26–28:2005. St. Gallen; 2005.
25. Medical University Innsbruck: Expert Opinion, Medical Record Review. In.
Innsbruck; 2012.
26. Statistiken - Demographische Maßzahlen: Sterbetafeln. http://www.statistik.
at/web_de/statistiken/menschen_und_gesellschaft/bevoelkerung/
sterbetafeln/index.html. Accessed 12 Sept 2017.
27. Jahn B: Personnel email-communication with manufacturer (unpublised). In.; 2012.
28. https://hsim.health.gov.on.ca/hdbportal/. Accessed 12 Sept 2017.
29. Lidgren M, Wilking N, Jonsson B, Rehnberg C. Health related quality of life
in different states of breast cancer. Qual Life Res. 2007;16(6):1073–81.
30. Eddy DM, Hollingworth W, Caro JJ, Tsevat J, McDonald KM, Wong JB. Model
transparency and validation: a report of the ISPOR-SMDM modeling good
research practices task force-7. Med Decis Mak. 2012;32(5):733–43.
31. Siebert U, Alagoz O, Bayoumi AM, Jahn B, Owens DK, Cohen DJ, Kuntz KM.
State-transition modeling: a report of the ISPOR-SMDM modeling good
research practices task force-3. Value Health. 2012;15(6):812–20.
32. Campbell HE, Epstein D, Bloomfield D, Griffin S, Manca A, Yarnold J, Bliss J,
Johnson L, Earl H, Poole C, et al. The cost-effectiveness of adjuvant
chemotherapy for early breast cancer: a comparison of no chemotherapy
and first, second, and third generation regimens for patients with differing
prognoses. Eur J Cancer. 2011;47(17):2517–30.
33. Schwarzer R, Rochau U, Saverno K, Jahn B, Bornschein B, Muehlberger N,
Flatscher-Thoeni M, Schnell-Inderst P, Sroczynski G, Lackner M, et al. Systematic
overview of cost-effectiveness thresholds in ten countries across four
continents. Journal of comparative effectiveness research. 2015;4(5):485–504.
34. Coates AS, Winer EP, Goldhirsch A, Gelber RD, Gnant M, Piccart-Gebhart M,
Thurlimann B, Senn HJ. Tailoring therapies-improving the management of early
breast cancer: St Gallen International Expert Consensus on the primary therapy of
early breast cancer 2015. Ann Oncol. 2015;26:1533–46. 2015/05/06 edn.
35. Personalized Medicine Europe - Enhancing Patient Access to Pharmaceutical
Drug-Diagnostic Companion Products. http://www.epemed.org/online/
www/content2/104/107/910/pagecontent2/4339/791/ENG/
EpemedWhitePaperNOV14.pdf. Accessed 12 Sept 2017.
36. Faulkner E, Annemans L, Garrison L, Helfand M, Holtorf AP, Hornberger J, Hughes D,
Li T, Malone D, Payne K, et al. Challenges in the development and reimbursement
of personalized medicine-payer and manufacturer perspectives and implications for
health economics and outcomes research: a report of the ISPOR personalized
medicine special interest group. Value Health. 2012;15(8):1162–71.
37. Payne K, Annemans L. Reflections on market access for personalized medicine:
recommendations for Europe. Value Health. 2013;16(6 Suppl):S32–8.
38. European Personalised Medicine - Value Of Knowing And Knowing Of Value.
http://www.biospace.com/News/enemed-relase-european-personalised-
medicine-value/408711/source=MoreNews. Accessed 12 Sept 2017.
39. EPEMED OHE study 2015. Health Technology Assessment of complementary
diagnostics: issues, options and opportunities http://www.epemed.org/
online/www/content2/104/107/ENG/4768.html. Accessed 12 Sept 2017.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Jahn et al. BMC Cancer  (2017) 17:685 Page 10 of 10
